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ABSTRACT 74	  
 75	  
The study examined the influence of strength and aerobic capacity on ability to 76	  
recover from NMF following a rugby union simulation protocol. 20 rugby union 77	  
subjects were tested for strength markers through front squat, prone row and 78	  
bench press and for aerobic capacity through a 30-15 intermittent fitness test. The 79	  
subjects were then tested for baseline neuromuscular fatigue markers in a reactive 80	  
strength index through (RSI), a drop jump (DJ), and countermovement jump 81	  
(CMJ) prior taking part in the Bath University Shuttle Test (BURST). Following 82	  
the BURST the subjects repeated the neuromuscular performance test battery 83	  
consisting of the DJ and CMJ at 24hrs, 48hrs and 72hrs post BURST. The 84	  
subjects were divided into high and low groups based on each individual physical 85	  
marker for absolute strength relative to body mass and fitness using the median 86	  
of the collected values. The BURST had a significant effect on all RSI repeated 87	  
measurement and CMJ was significantly affected at 24hrs. Relative front squat 88	  
strength, absolute prone row strength had a significant effect on subject’s ability 89	  
to recover post the BURST, and there was no significance found in either bench 90	  
press measurement. The higher value groups had significantly higher 91	  
neuromuscular performance on both RSI and CMJ compared to the lower groups 92	  
in fitness, prone row strength and relative leg strength and slightly higher in all 93	  
other measurements at baseline and repeated measurements.  94	  
 95	  
 96	  
KEY WORDS: Neuromuscular fatigue, significance, Absolute strength, relative 97	  
strength, fitness, countermovement jump, reactive strength index 98	  
 99	  
 100	  
INTRODUCTION 101	  
Rugby union is an intermittent collision based sport with a significant physical 102	  
demand (7,8). Developing participates physiological capabilities is a vital 103	  
component in improving sports performance (2). As a performance team, the goal 104	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is to maximise physical development to give the athlete the best opportunity to 105	  
succeed, and cope with the physical demand of the sport (23). Leading to a 106	  
significant training demands placed on elite rugby union athletes, with increased 107	  
training frequency, duration and intensity. Understanding the training response, 108	  
and adaptation to stimulus is vital when considering performance, and injury 109	  
prevention (11). 110	  
Fatigue in rugby union is complex and can have several possible mechanisms, 111	  
making understanding of the cause is sometimes difficult to quantify. Fatigue has 112	  
been defined by a decline in acute muscle force production, or failure to maintain 113	  
power output (1,11,36). It can be influenced by different types of training 114	  
stimulus, type of muscular contraction, intensity, frequency, duration of exercise 115	  
or the athlete’s physical qualities (14,22,31).  116	  
The magnitude of fatigue can vary dependant on muscular components, and 117	  
central or peripheral nervous system responses. Due to the impact and high 118	  
intensity of rugby union quantifying the factors leading to fatigue, it can make 119	  
understanding and quantifying fatigue difficult (4, 40)  120	  
Various studies have researched into the effect of fatigue and its influence on 121	  
Rugby Union performance. A study by Gabbett (2016) found that athletes with 122	  
greater relative lower-body strength had the best tackling ability under fatigue. 123	  
This study was supported by Johnston (2015) that reported players with higher 124	  
anaerobic capacity and lower body strength had greater load during match play, 125	  
and less reduction in post-match counter movement jumps (CMJ). A study by 126	  
Hendricks and Lambert (2010) demonstrated the importance of tackling 127	  
technique in reduction of injury. It was suggested that 61% of all rugby match 128	  
related injuries were due to the tackle area, and tackle technique was a vital part 129	  
of injury reduction. This coupled with Gabbett’s (2016) findings of reduced 130	  
tackling ability in weaker athletes is a strong rationale for the importance of 131	  
understanding the demands and needs of physical capabilities in improved 132	  
performance, and injury reduction.  133	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Athletes with higher anaerobic capacity and better lower limb strength exhibited 134	  
smaller changes in post-match creatine kinase. Furthermore, it has also been 135	  
suggested that neuromuscular fatigue (NMF) and hormonal disturbance could be 136	  
affected up to 36-60hrs post-match (39). This shows the significant role that 137	  
physical qualities can have on rugby athletes, and how influential it can be for 138	  
them to recover. However, there is little research to suggest what qualities 139	  
influence NMF recovery post game, and thus there is a lack of understanding of 140	  
the physical qualities needed to improve rugby related recovery.  141	  
Twist and Highton (2013) mentions that the best measurement of post-match 142	  
fatigue for rugby is blood chemical markers as an objective measurement of 143	  
homeostatic disturbance from match play. However due to the cost and expertise 144	  
required, they suggest that a test of muscle function offers the most practical 145	  
method to measure the extent of NMF experienced by rugby players. A measure 146	  
of neuromuscular function has commonly been used to assess NMF in team sport 147	  
above other indirect markers because its ability to monitor low-frequency fatigue 148	  
(19,20,21,38). Research indicates jump variations are effective because they 149	  
reflect stretch shortening cycle ability of the lower limb and gives the ability to 150	  
measure fatigue (15). Roe et al., (2016) investigated the difference between using 151	  
a CMJ or a 6s peak power cycle ergometer test and found that there was a 152	  
significant change in CMJ in comparison to CET, justifying the use of CMJ to 153	  
monitor NMF. 154	  
 Research by Meylan et al., (2011) and McErlain-Naylor et al. (2014) suggested 155	  
that altering the kinetics and kinematics of the CMJ has a drastic effect on the 156	  
CMJ performance suggesting potentially that its use in monitoring neuromuscular 157	  
fatigue and stretch shortening cycle is questionable. Reactive strength index and 158	  
leg stiffness has been recognised as a reliable test for measuring NMF and SSC 159	  
(17, 34). Reactive strength index (RSI) has been used as a reliable performance 160	  
test in various team sport populations (26,34). Between day reliability and 161	  
sensitivity of monitoring fatigue measures in rugby player has been shown as 162	  
	   7	  
vital data in predicting injury and optimizing performance. Roe et al., 2016 163	  
suggested that mean power, peak power, contraction time and flight time were 164	  
key metrics in measuring lower limb NMF fatigue.  165	  
There is a large body of evidence to suggest that rugby union induces significant 166	  
NMF and muscle damage during match play, however they do not quantify what 167	  
physical qualities can influence and reduce post-match fatigue. The aim of this 168	  
study is to determine if different physical markers have an the athletes ability to 169	  
recover.  170	  
 171	  
METHODS  172	  
 173	  
EXPERIMENTAL APPROACH TO THE PROBLEM   174	  
Markers of neuromuscular performance and a physical battery were assessed after 175	  
natural break post competitive season, or with no weekend completive fixture. 176	  
This created a seven day rest period prior to conducting the study. Participants 177	  
were instructed not to take part in any other form of activity during the study. 178	  
After the neuromuscular markers and strength testing scores were taken, 48hrs 179	  
recovery was given to reduce any negative influencing of the Rugby simulation 180	  
protocol. The Bath University Rugby Union Shuttle Test (27,28) was then 181	  
conducted a standardized rugby union protocol to induce match demand fatigue. 182	  
Following this, the participants were monitored for neuromuscular fatigue at 24, 183	  
48, 72hrs post testing. 184	  
SUBJECTS 185	  
Twenty male rugby union athletes (age 20.9±1.8, height 185.1±7.4,body mass 186	  
96.3±14.1) were recruited and volunteered to take part in the study. All 187	  
participants competed in National 1 and BUCS Super League. Participants were 188	  
provided with written and verbal information, and an understanding of the 189	  
requirements prior to giving written consent. The study was approved by the St. 190	  
Mary’s University Research Ethics Committee.  191	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 192	  
PROCEDURES 193	  
Preliminary Familiarization   194	  
Prior to the main trial, the participants attended a trial session to familiarize 195	  
themselves with the BURST. In the session, the participants carried out the 196	  
performance test (figure 2) and 30 mins of the test (figure 1) to accustom them to 197	  
the exercise pattern. As part of their warm-up to the main test, they conducted 1 198	  
part of the BURST excluding the performance test. 199	  
 200	  
Neuromuscular Fatigue Monitoring-  201	  
 202	  
Counter movement Jump (CMJ) and Reactive strength index (RSI) using a drop 203	  
jump (DJ) were used to monitor NMF through using an OptoJump system 204	  
(microgate, Italy) and appropriate software. A standardised warm up was 205	  
performed prior to maximal effort jumps. Following the warm up the participants 206	  
performed a DJ from a standardised 30cm box 3 jumps 2 submaximal and a 207	  
maximal effort (29). DJ first, followed by CMJ (37,38).  208	  
Subjects were required to place hands on hips, knees extended and a foot position 209	  
of their own choice and proceed to jump as high as possible. The depth of the 210	  
jump was down to the participant’s discretion. In conjunction with previous 211	  
literature researching NMF and CMJ peak power, mean power and flight time 212	  
will be measured in the analysis. In this cohort, these metrics have shown to have 213	  
acceptable sensitivity and reliability (coefficient of vitiation < 5%, CV <SWC) 214	  
(17, 29). 215	  
To measure RSI participants performed a drop jump from a standardized 30cm 216	  
box and RSI was calculated using an optojump system (microgate, Italy). The 217	  
reliability of this protocol has been shown in previous research to work to good 218	  
effect. A ground contact time of >0.3s was required to standardize the test. 219	  
(5,12,25).   220	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 221	  
RSI = Jump height (cm) 222	  
Ground Contact Time (s) 223	  
Equation 1 224	  
 225	  
Physical Testing Battery   226	  
The testing battery consisted of strength profiling and 30-15 intermittent fitness 227	  
tests. 3RM strength testing will be conducted with front squat, prone row, bench 228	  
press, CMJ and DJ.  229	  
Strength Testing-  The exercise selection came as part of the regular programme 230	  
and all athletes are experienced in these lifts, being a common theme of their 231	  
programming. All lifts will be standardized to ensure validity. Participants took 232	  
part in a standardized warm up protocol followed 2 sets of 5 repetitions at near 233	  
3RM load. They then have five attempts to attain a 3RM. The front squat protocol 234	  
requires the athlete’s thigh to be at least parallel with the ground and no excessive 235	  
lumber flexion, which will be determined by the lead researcher (strength and 236	  
conditioning coach). With the bench press, the participants will determine a self-237	  
selected grip that is most comfortable. The barbell must touch the chest and return 238	  
to full unassisted lockout with no excessive lumber flexion/extension for it to be 239	  
recorded.  In the prone row test, participants are required to lay prone on the 240	  
bench, will arms fully locked out and barbell on the floor. For the score to be 241	  
recorded the barbell must touch the top of the bench.  (14,29). 242	  
 243	  
30-15 intermittent Fitness Test-  The test consisted of 30s shuttles over a 40m 244	  
distance with 15s recovery between efforts. The test begins at 8km.h and 245	  
increases by 0. 5km.h at each successive running shuttle. The speed of the test 246	  
was controlled by a pre-recorded audio (3,6) that informs the participants of 247	  
appropriate intervals via a beep. The participants have a 3m ‘safe zone’ they are 248	  
required to be within before the beep, these are placed at each end and middle of 249	  
	   10	  
the test. At the end of the 30s the participants are instructed to walk to a specific 250	  
line before the next stage commences. The test terminates when the participants 251	  
are unable to maintain the speed, and reach the ‘safe zone’ before the beep on 3 252	  
consecutive occasions (6, 32).  253	  
 254	  
Bath University Rugby Union Shuttle Test  255	  
The physical demands of elite rugby union can be repeated under controlled 256	  
measures using the Bath University Rugby Union Shuttle Test (BURST) (figure 257	  
1). Participants took part in a 10-minute warm up including 5 minutes of jogging 258	  
and stretching followed by a 315s period of the BURST test, which excludes the 259	  
performance test. Following a two-minute recovery, a performance test 260	  
consisting of 15m sprints was conducted to establish a baseline prior to the first 261	  
exercise block to provide a maximal performance baseline.  262	  
The protocol compromises 16x315s exercise blocks grouped in to 4x21 min 263	  
blocks. Block 1 and 3 are followed by 4-minute rest with 2 minutes allocated to 264	  
standing and walking respectively. A 10-minute “halftime” break follows the 265	  
second block 7 and 3minutes sitting and walking respectively. The test was 266	  
performed on a full-size Rugby Rubber Crumb 4G pitch. The exercise cycle will 267	  
require the participant to walk 20m, turn 180◦, cruise 20m and turn 180◦ and jog 268	  
10m then perform a ruck (5m carry of a 20kg tackle bag [Gilbert, UK] in 3.5s on 269	  
which a standardized shoulder height to ensure body height), a scrum (1.5m push 270	  
of a prowler [Perform Better, UK] with a 70kg additional load in 7s) or a maul 271	  
(participants compete alternately against each other for 5s to try and gain 272	  
possession of the ball). They then jogged backwards and repeated the cycle 273	  
following a standing rest. A 315s block contained five exercise cycles with 274	  
scrums in cycle 1 and 3, rucks in 2 and 4 and maul in cycle 5, followed by a 275	  
performance test and 15m sprint.  The participants were instructed on how to 276	  
conduct the test by a pre-recorded CD. The speed of movement was standardized 277	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and the participants followed the audio recording to maintain mean speeds for 278	  
Walking (1.4m/s) , jogging (3.0m/s) and cruising (4.2m/s).  279	  
 280	  
 281	  
INSERT FIGURE 1 HERE 282	  
 283	  
 284	  
BURST Performance Test- the performance test is designed to replicate the high 285	  
intensity bout of rugby union match play combining the effort under load, 286	  
sprinting and change of direction (figure 2). The test involves the participant 287	  
passing through a timing gate carrying a tackle bag over 9m, followed by second 288	  
bag and over the same distance before picking up a ball and sprinting 14m then 289	  
performing a cutting action and continuing through a final gate to complete. Total 290	  
time taken between each gate will be recorded. Participants have 25s to then 291	  
return to the start and perform a max effort 15m sprint (27,28).  292	  
To ensure validity of the test the participants were required to wear GPS units 293	  
(PLAYERTEK Solo KODAPLAY LTD, Ireland) to ensure the distances and 294	  
speeds covered were like suggested by the burst. The participants were required 295	  
to give their rate of perceived exertion of the session.  296	  
 297	  
STATISTICAL ANALYSES  298	  
Data will be presented as a mean ± SD. A repeated measure ANOVA was used 299	  
to test the significance of the data. The test was chosen because of the multiple 300	  
variables and related data as four measures of RSI were taken at different time 301	  
periods. The groups were divided using the median of the data group and to 302	  
ensure the data was not violated or corrupt a Mauchly’s test of sphericity was 303	  
conducted set at <.05. The groups were divided in to high and low strength and 304	  
fitness and relative strength to body mass.  All data was analyzed using SPSS for 305	  
Apple Mac (Version 22). Levene's test of homogeneity was used to test if 306	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homogeneity of variance was satisfied (<.05). The tests that showed a significant 307	  
difference were then compared using an Independent T-Test to compare the 308	  
groups at each individual measurement.  309	  
 310	  
 311	  
INSERT FIGURE 2 HERE 312	  
 313	  
RESULTS  314	  
 315	  
INSERT TABLE 1 HERE 316	  
 317	  
 318	  
 319	  
INSERT FIGURE 3A HERE                   INSERT FIGURE 3B HERE  320	  
 321	  
 322	  
INSERT FIGURE 4A HERE                   INSERT FIGURE 4B HERE  323	  
 324	  
 325	  
INSERT FIGURE 5A HERE                   INSERT FIGURE 5B HERE  326	  
 327	  
 328	  
INSERT FIGURE 6A HERE                   INSERT FIGURE 6B HERE  329	  
 330	  
 331	  
 332	  
 333	  
 334	  
INSERT FIGURE 7A HERE                   INSERT FIGURE 7B HERE  335	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 336	  
 337	  
INSERT FIGURE 8A HERE                   INSERT FIGURE 8B HERE  338	  
 339	  
 340	  
INSERT FIGURE 9A HERE                   INSERT FIGURE 9A HERE  341	  
 342	  
 343	  
 344	  
 345	  
 346	  
Players were divided in to high and low groups dependant on their testing results. 347	  
The groups were divided using the median of all results and split to above median 348	  
for high group and median value and below for the lower group. They were 349	  
divided in to 30-15 fitness (High:20.4±0.8, Low:18.4±0.9), Absolute Front Squat 350	  
Strength (High:132.5±13kg, Low:102.5±14.2), Absolute Bench Press Strength 351	  
(High:122.5±10kg, Low:99.2±12.2), Absolute Prone Row Strength 352	  
(High:107.1±3.9kg,Low:86.9±25.3), Relative strength (RS) front squat to body 353	  
mass (BM) (High:139±10%,Low 109±8%), relative bench press to BM 354	  
(High:125±9%,Low 104±9%) and relative prone row to BM 355	  
(High:107±12%,Low 91±5%).              356	  
 357	  
There was a statistically significant effect between front squat strength and 358	  
repeated measures in the RSI. A significant difference between any of the 359	  
variables tested for absolute front squat strength for RSI (figure 3A). Between 360	  
subject’s effects showed no significant difference between the high and low 361	  
groups (p=0.589) and no significant difference was visible within subject’s effect 362	  
(p.468) when comparing the groups RSI scores at baseline,24,48 and 72 hours 363	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(f=.859). Using a pairwise comparison, the lower group showed a significant 364	  
difference between baseline and all repeated measures (24hrs p.000, 48hrs p.011, 365	  
72hrs p.028) and no significant difference between 48hr and 72hr tests (p=.176). 366	  
The higher groups showed similar results in having significant differences 367	  
between baseline and repeated measures (24hr p.000, 48hr p.000, 72hr p.005). 368	  
The only non-significant difference was between 24 and 48hr tests (p=.055).  369	  
Front squat strength had a significant effect on CMJ fatigue at 24hrs ( p=.001) 370	  
however there was no interaction between 48hrs (p=.135) and 72hrs (p=.493). 371	  
CMJ (figure 3B) showed similar results to RSI, with no significant difference 372	  
shown between the between-subjects effects (p=.441) and no significant 373	  
difference within subject effects (p=.672, f=.517). The low group showed no 374	  
significant difference between baseline and repeated tests, there was no 375	  
significant difference between any of the variables for lower Front squat groups. 376	  
The higher group showed a significant difference between baseline and 24hrs test 377	  
(p=.002) and no significant difference between baseline and 48 (p=.321) and 72 378	  
hrs tests (p=.394), a significant difference was evident between 24hr and 48hr 379	  
tests (p.006).  380	  
A significant difference was shown for relative strength squat effect on repeated 381	  
measurements in RSI fatigue. Relative front squat strength to BM showed a 382	  
significant difference between the high and low subject’s groups (p=.014) and a 383	  
significant difference between the within groups RSI values (p=.011, f=4.083) 384	  
(figure 4A). A significant difference was shown between the groups at baseline 385	  
testing (p.013), 24hrs (p=.006) and 72hrs (p=.018) and no significant difference 386	  
between the 48hrs test (p=.074). CMJ relative strength showed similar results to 387	  
the absolute strength groups with significance shown at 24hrs only (p=.001). CMJ 388	  
(figure 4B) showed a significant difference between the high and low groups 389	  
(p=.029) but no significant difference between within group effects (p=.308, 390	  
f=1.100). The low RSI front squat group showed a significant difference between 391	  
baseline and repeated measures (24hr p.000, 48hr p.013, 72hr p.029) the only 392	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non-significant difference in the lower RS was between 48 and 72hr tests (p.286). 393	  
The high relative FS strength group showed a significant difference between 394	  
baseline RSI and repeated measures (24hr p.000, 48hr p.000, 72hr p.003) the only 395	  
non-significant difference was between 24 and 48hrs in the higher group 396	  
(p=.652). Relative FS strength to CMJ performance only showed a significant 397	  
difference between baseline and 24hrs in both high (p=.035) and low groups 398	  
(p=.007). 399	  
 400	  
 401	  
 402	  
 403	  
A significant difference was shown between baseline and RSI repeated measures, 404	  
however in CMJ a significant difference was shown between baseline and 24hrs 405	  
(p=.001) and not between 48hrs (p=.101) and 72hrs (p=.503) There was no 406	  
significant difference between the absolute bench press strength high and low 407	  
groups (figure 5A) RSI scores between groups (p=.824) and within group 408	  
difference also showing no significant difference (p=.118, f=2.050). CMJ 409	  
absolute bench press strength (figure 5B) showed similar results to the RSI value 410	  
with no significant difference between the groups (p=.658) and within the groups 411	  
effects (p=.823, f=.303). A significant difference for both groups between 412	  
baseline testing and 24hrs tests was evident low group p=.023 and high group 413	  
p=.007. There was no significant difference between any of the other measures 414	  
in respect to their CMJ performance. The lower strength group showed a 415	  
significant difference in RSI performance in baseline and repeated measurements 416	  
(24hrs p.000, 48hrs p.005, 72hrs p.027). Lower group showed a significant 417	  
change in their RSI comparing all measurements except 48hr and 72hr test 418	  
(p=.085).  The higher strength groups showed a significant difference between 419	  
baseline and all other measures, also significant differences in all comparative 420	  
results.  421	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A significant difference was shown between the baseline RSI test and repeated 422	  
measurements at 24,48,72hr tests, only between baseline 24hrs (p=.001) in CMJ. 423	  
No significant difference was shown between RSI and the relative bench press 424	  
strength (figure 6A) groups with between subject effect (p=.052) and within 425	  
group differences (p=.218, f=1.525). Significant changes were found in both 426	  
groups comparing baseline to repeated tests other than 48 and 72hr (p=.314) in 427	  
the lower group and 24 and 48hr tests in the stronger groups (p=.177). A 428	  
significant difference between baseline RSI for the relative strength groups and 429	  
repeated measures, however CMJ Relative Strength (figure 6B) showed similar 430	  
results in CMJ (figure 6B) with no significant difference between the groups 431	  
(p=0.205) and within group (p=.959).  432	  
.  433	  
 434	  
Prone row indicated a significant difference between baseline RSI and repeated 435	  
measurements, and CMJ showed a significant result between baseline and 24hrs 436	  
(p=.001) and no significance between 48hr (p=.072) and 72hrs (p=.180) There 437	  
was a significant difference between the RSI for the high and low (figure 7A) 438	  
prone row absolute strength groups (p=.045). There was also a significant 439	  
difference between the within subject performance (p=.025, f=3.382) for RSI. 440	  
There was a significant difference between the groups at baseline (p=.010), 441	  
however no significant difference was shown between the groups at 24hrs 442	  
(p=.108), 72hrs (p=.094) and 72hrs (p=.059). There was a significant change 443	  
from baseline to repeated tests for both groups, with no significant difference 444	  
between 48 and 72 hrs (p=.066) for the lower group and 24 and 48hrs for the 445	  
higher group (p.135). CMJ results (figure 7B) showed that there was no 446	  
significant difference between CMJ and prone row strength in regards to between 447	  
group differences (p=.151) and within group changes (p=.127, f=1.985). Some 448	  
significant changes between baseline and 24hr in both the lower (p=.016) and 449	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higher groups (p.010) and significant difference between the higher groups 450	  
baseline and 72hr test (p=.040).  451	  
Relative prone row strength had a significance chance from baseline to repeated 452	  
measurements, however CMJ showed significant only at 24hrs compared to 453	  
baseline (p=.001). No significant difference was shown between groups (p=.671) 454	  
and within group differences (p=.218, f=1.525) when comparing relative prone 455	  
row strength to RSI fatigue (figure 8A). Significant change was shown for both 456	  
groups when comparing baseline to repeated tests. A significant difference 457	  
between group was shown between CMJ and the relative prone row strength 458	  
(p.010), however there was no significant difference when assessing within group 459	  
differences (p=.711). Significant decline was demonstrated for both groups 460	  
comparing baseline and 24hrs (high p.003, low p.042) also between 24 and 48hr 461	  
(p=.049) and 24hr and 72hr tests (p=.049) in the higher group.  462	  
 463	  
 .  464	  
RSI performance had a significant effect between the 30-15 fitness groups (figure 465	  
9A) (p=.003), however no significant difference was displayed between within 466	  
the groups (p.224, f=1.504). CMJ showed no significant interaction (p=.400, 467	  
f=1.000). A significant difference in RSI between was shown between groups at 468	  
baseline (p=.006) and all repeated measures (24hr p.002, 48hr p.006, 72hrs 469	  
p.007). CMJ (figure 9B) showed significant difference between groups baseline 470	  
(p=.024) and 48hrs (p=.025). All results were significantly different in the lower 471	  
groups, and all expect 24hr and 48hr in the higher groups (p=.459). CMJ results 472	  
also showed a significant difference between the groups results, and like RSI no 473	  
significant difference was demonstrated within the groups (p=.400). The lower 474	  
groups showed a significant difference between the baseline and 24hrs test 475	  
(p=.015) and no significant difference between other tests. The higher groups had 476	  
a significant change between baseline and 24hr (p=0.11) and 24hr and 48hr 477	  
performance (p=0.27).  478	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 479	  
DISCUSSION  480	  
 481	  
This is one of the first studies to investigate the effects of physiological qualities 482	  
on recovery ability from rugby union match play. It was evident in all the 483	  
measurements taken for strength and aerobic capacity that rugby union has a 484	  
significant effect on neuromuscular fatigue. It was also evident that the stronger 485	  
strength, relative strength and aerobic capacity performed better generally across 486	  
all measures. All groups showed statistically significant effects from their 487	  
baseline test to 24hrs post BURST. This was supported by previous literature 488	  
suggesting that both codes of rugby had a sizable decline on neuromuscular and 489	  
musculoskeletal markers (16,20,21,25,33,40). Research in rugby league has 490	  
indicated that neuromuscular fatigue has recovered 48hrs after rugby (10), the 491	  
findings of this study did not demonstrate full recovery in that time frame and 492	  
suggests that recovery could take up to 72hrs. 493	  
Relative front squat strength to body mass showed to be significantly different 494	  
between the groups, and within the group RSI measures. The higher group 495	  
recorded significantly higher RSI scores in baseline, 24hr, 72hr tests compared to 496	  
their counterparts. The relatively stronger front squat group also had significantly 497	  
better CMJ performance compared to the lower group however no difference was 498	  
reported between each group and their repeated measurements. These findings 499	  
were supported by McLellan, Lovell and Gas (2011i), who found that lower body 500	  
strength and power had a meaningful change when measuring NMF post-match, 501	  
and found that normality was restored at 48-72hrs which is consistent with this 502	  
study. The results of this research were further supported by Gabbett (2016) and 503	  
Suchomel, Nimphius and Stone (2016) who found that LB strength and power 504	  
had a significant effect on ability to reproduce high levels of skills under fatigue, 505	  
and power output repeatability. In contrary to these studies, absolute lower body 506	  
strength values had no effect on the group’s ability to recover.  507	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There was a significant difference between the higher fitness groups for both CMJ 508	  
and RSI when assessing their baseline tests and all repeated measurements. The 509	  
RSI performance was significantly different for both groups; however, their 510	  
recovery rate was similar. The CMJ performance recovered better in the lower 511	  
30-15 test group, however the higher groups performed better in both RSI and 512	  
CMJ tests overall. These results were consistent with Gabbett’s (2016) findings 513	  
that higher aerobic capacity qualities allow better highly neural exercise 514	  
performance. Interestingly Johnston et al (2015) found that players with better 515	  
aerobic capacity could cover more distance and game-play load than their lower 516	  
capacity counterparts and recovered quicker post-match play.  517	  
Interestingly there was a substantial difference between RSI performance for the 518	  
prone row strength groups, but not when assessing their CMJ repeated 519	  
performance, but there was significance between the CMJ relative strength and 520	  
not the RSI. Gabbett’s (2016) study found that pulling strength had no significant 521	  
difference between UB pulling strength and rugby performance, however they 522	  
used a chin up measurement, which is not directly correlated with prone row. This 523	  
is in-consistent with previous research that has indicated that UB strength has no 524	  
significant effect on NMF and LB power performance, however the literature 525	  
using prone row as a measurement is lacking. Research was consistent with other 526	  
findings of this study that found that bench press strength and relative strength to 527	  
body mass has no effect on NMF after induced rugby fatigue, this could be since 528	  
there is a significant body of research supporting the effect and fatigue rugby 529	  
causes on the lower extremities (10,14,25,29,40). 530	  
There is substantial evidence to suggest that rugby union induces a significant 531	  
amount of neuromuscular fatigue and is well established in literature. The 532	  
purpose of this study was to investigate what physiological qualities influence 533	  
athlete’s ability to recover post-match, to widen understanding the physical 534	  
requirements needed to compete from week to week and how it can influence 535	  
training periodization. The findings of the study suggested that good levels 536	  
	   20	  
relative lower limb strength, upper body pulling strength and aerobic 537	  
conditioning made a difference in recovery. Rugby union literature is strong in 538	  
supporting the effect of NMF and how to monitor, but not specifically in what 539	  
physical qualities help improvement.  540	  
The conclusion of this study was alike the findings were like that of rugby league 541	  
research suggesting that high fitness measures and squat performance allowed 542	  
athletes to recover quickest these findings were consistent in this study, 543	  
suggesting that post match NMF is lower in athletes with more developed aerobic 544	  
conditioning and relative strength. The results of the study showed that athletes 545	  
who had greater physical qualities had significantly higher ability to produce 546	  
power with RSI and CMJ and that relative strength to BW was a key indicator 547	  
(14). 548	  
Interestingly there was a significant interaction between the RSI and all repeated 549	  
measures in most groups, and only between baseline and 24hrs in CMJ testing. 550	  
Both tests have proven reliability in testing NMF, however the results of the study 551	  
have differed in detecting fatigue. This could be due to the difference in SSC 552	  
elements of the jump protocol and different kinetic and kinematics of the DJ and 553	  
CMJ (18). Roe et al (2016) and Clarke et al (2015) found that CMJ was a reliable 554	  
way to test for between day measures of fatigue and had proven sensitivity in 555	  
fatigue management of rugby players. Oliver, Lloyd & Witney (2015) tested in-556	  
season peripheral and neurological measurements in season in a similar cohort to 557	  
this study. They found RSI, LB stiffness and CMJ to be effective measurement 558	  
tools but displaying different results, as found in this study. They suggested that 559	  
CMJ was sensitive in testing both short and long term fatigue and stiffness better 560	  
for longer term fatigue.  561	  
The higher groups neuromuscular performance was far superior to the lower 562	  
groups across fitness, relative lower body strength, absolute prone row strength, 563	  
and slightly higher than the lower group in other tested measures. This was 564	  
supported by literature that found similar results, that with increased physical 565	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markers post-match fatigue neuromuscular fatigue was reduced. They also found 566	  
that the subjects with better physical test scores covered more distance and had 567	  
more a influence during the game, so they worked harder and recovered quicker. 568	  
 Particularly leg strength and fitness, through improving these metrics it has been 569	  
found that the ability to reproduce high intensity efforts in-play have improved 570	  
(14, 35).  571	  
However, for future research prospective would be useful to conduct a similar 572	  
study around actual match play and not a simulation. Even though the BURST 573	  
has been validated and deemed reliable in inducing rugby match play demands, 574	  
the physical contact demands place a significant demand on ability to recover as 575	  
suggested by Roe et al (2017). They suggest that all fatigue markers measured 576	  
were effected by including contact in to the session. For this study the BURST 577	  
was appropriate to quantify the demand and expose the players to a reliable level 578	  
of activity that is unachievable through a rugby match due to the different 579	  
positional demands.  580	  
 581	  
 582	  
PRACTICAL APPLICATION 583	  
 584	  
-   Relative leg strength, bench pull and fitness had made a significant 585	  
difference to recovery ability.  586	  
-   The ‘higher’ groups had significantly better results in most of the testing 587	  
measures, and the higher groups recovered quicker than lower groups. 588	  
Providing evidence of the importance of physical qualities in performance 589	  
which is heavily supported by research, but also ability to recover from 590	  
NMF.  591	  
-   Where there was a significant difference in the recovery ability, the groups 592	  
had a significant difference in DJ and CMJ performance.  593	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-   The findings of the CMJ results may be useful when programming for in-594	  
season rugby athlete from a high neural load prospective. Understanding 595	  
the match play demand is important, and this study demonstrates the 596	  
influence of NMF on 24,48,72hrs. This study suggests that at 48-72hrs 597	  
athletes should be recovered from NMF.  598	  
-   The study would suggest avoiding a ‘high neurological day’ 24hrs-48hrs 599	  
post-match, avoiding such activities such as heavy strength training and 600	  
power. Also, considering the high demand of the sport, it could also 601	  
support influencing the rugby training session design avoiding full contact 602	  
training, high intensity units and attack plays (that include HSR) 24hrs 603	  
post-match.  604	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Figure 2- The BURST Performance Test  839	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Figure 3. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs 845	  
intervals for front squat absolute strength. 846	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Figure 4. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs  850	  
intervals for relative to body mass front squat strength.  851	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Figure 5. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs 855	  
intervals for Bench press absolute strength.  856	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Figure 6. 901	  
Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs intervals for 902	  
relative to body mass bench press strength. 903	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Figure 7. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs 909	  
intervals for Prone row absolute strength. 910	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Figure 8. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs 915	  
intervals for relative to body mass prone row strength 916	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Figure 9. Mean comparison of high and low groups vs A) RSI values and B) CMJ at baseline, 24,48 and 72hrs 924	  
intervals for 30-15 fitness test. 925	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Table 1- Quantifying the BURST incomparision to Roberts et al 2010 947	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 15m Sprint Total 
Distance(m) 
HSR m (>5m/s)         RPE  
Mean, Std Dev 2.80±0.13 7345±1084 857.4±296.4     7.7±0.9 
BURST (Roberts 
et al.2010) 
2.69±0.13    7078     662        n/a 
